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RESUMEN
En este trabajo se analizan las fuentes del crecimiento español duran-
te 1958-1975 desde una perspectiva sectorial, siguiendo una metodología
similar a la desarrollada por Jorgenson, Gollop y Fraumeni (1987). Para
ello se mide la contribución de los inputs intermedios, el capital, el tra-
bajo y la productividad total de los factores al crecimiento del output total
para 25 ramas productivas. Los resultados atribuyen más de la mitad del
crecimiento del output al crecimiento de la Productividad Total de los
Factores. Este crecimiento de la productividad fue de alcance general
aunque no estuvo uniformemente repartido y se apoyó en una potente
contribución de algunas industrias manufactureras compartida con
avances significativos en los transportes y en las comunicaciones.
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1 Prados de la Escosura and Rosés (2005).
2 Industry interdependence for the years 1962-1970 has only been analyzed in the work
of Martín, Romero and Segura (1981) using an input output approach as suggested by
Hirschman.
ABSTRACT
This paper exploits sectorial growth accounting methodology in a sim-
ilar way to Jorgenson, Gollop and Fraumeni (1987) in order to provide
additional insight into the sources of Spanish economic growth. We
measure the contribution of intermediate inputs, capital, labour and total
factor productivity to the increase in total output for 25 productive
branches. We also analyse sectorial contributions to overall productivity
growth and discuss the role of pioneering sectors in the whole transfor-
mation. The findings presented attribute more than fifty per cent of out-
put growth to improvement in TFP. This productivity growth was uneven-
ly distributed and was fuelled by some potent manufacturing industries
together with advances in transportation and communications.
Keywords: Productivity, industry level, technological change, Spain,
1958-1975
JEL classification: N64, O47, O14
1. INTRODUCTION
Looking back over the course of Spanish economic history, 1960 to
1975 was a period of exceptional rates of output and productivity
growth, substantially higher than those of the preceding and subsequent
decades 1. Whether the foundations of this spectacular growth were
broad or narrow has not been discussed until now 2. For this reason, we
believe it is worth going a step further in order to comprehend the great
upsurge in the Spanish economy over this period by analysing the sec-
torial origins of productivity growth. This paper seeks to answer the
question of whether the advances in productivity were related to specif-
ic technological change or were more broadly based. For this purpose a
further strand of results obtained from a disaggregated approach to
growth accounting methodology is added to the available evidence.
Technology is not easily measurable, partly because of the character-
istics of the phenomenon itself: technological advances take many dif-
ferent forms, each with their own field of appliance, magnitude and dif-
fusion speed. One traditional way of measuring them is indirect and
builds upon the concept of a production function. In this case, the rate
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3 It depends heavily on the concepts of constant returns to scale and equilibrium factor
markets.
4 Following a «parametric» or growth accounting methodology: Myro (1983), Cebrián
(2000) and Prados de la Escosura and Rosés (2005). There are other works which employ a
non-parametric approach and also attribute a prominent role to productivity growth or to
technological change: Perez, Goerlich and Mas (1996) for 1964-1991, Suárez Bernardo de
Quirós (1992) and Raymond (1995) for 1961-1991.
of technological change is approximated by the residual of output
growth after subtracting the rates of input growth weighted by their
shares in income. The drawbacks of this method for measuring growth
are well known 3. With regard to the residual, it is important to underline
that it not only measures technological change but also other sources of
growth not taken into account by the growth rates of the conventional
inputs.
For the case of Spain, there are several pioneering studies which
analyse the sources of growth at an aggregate level 4. It is worth high-
lighting the general consensus arising from all of them with regard to the
prominent role attributed to Total Factor Productivity (TFP) in explain-
ing output growth. In the research employing a growth accounting
approach, some works have tried to reduce the residual by taking into
account improvements in input quality. For example, Myro (1983) for
1965-1981 and Cebrián (2000) for 1963-1973 offer analyses based on a
translog production function in which changes in capital and labour
quality are distinguished from changes in capital stock and changes in
hours worked. Myro (1983) considers that around half of total Value
Added growth between 1965 and 1973 could be attributed to TFP
growth, while Cebrián (2000) obtains a higher contribution of TFP of
around 2/3 of total output growth. In both cases the contribution of the
residual remains high after being purged of changes in capital and
labour quality. In the same line, Prados and Rosés (2005) compute the
contribution of factors and TFP to economic growth in the long run for
1850 to 2000. These authors also consider that the success in growth
during the Golden Age in Spain was largely determined by TFP growth.
All these results are in line with those obtained for other countries over
the same period, where the measured residual quite often accounted for
more than half the output growth observed, while traditional inputs typ-
ically fell well short of this share.
So where do TFP improvements come from? In the case of a back-
ward country such as Spain, understanding where TFP growth came
from seems a good way of identifying the channels of technological
transfer. In general, the significant role played by the residual when it
comes to explaining growth after World War II has been subsequently
interpreted as reflecting a shift to a knowledge-based type of economic
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5 Abramovitz (1956); Solow (1957).
6 Harberger (1998); Field (2006).
7 The debate surrounding the British Industrial Revolution during the first half of the
19th century is an excellent reference point in the examination of the sectorial dynamics of
economic growth, especially with regard to the role played by the modernizing sectors. Tech-
nological change and the interindustry linkages and spillover effects of modernizing sectors
are at centre of this debate (Crafts and Harley (1992). O’Brian (1993) considers these effects
insufficient, while in a recent paper, Oxley and Greasley (2000), adopted an intermediate
position.
development 5. But more recently, the end of century uptick in the
United States has focused attention on what caused the growth of the
residual to accelerate and how much of it could be laid at the feet of spe-
cific technologies (IT). In this line, with reference to the acceleration of
TFP growth during the interwar period in the United States and during
the Golden Age in Europe, some authors have characterized it by
advances across a broader set of sectors in the economy including some
industrial branches, transportation, communication and public utili-
ties 6.
The main aim of this article is to reconsider the role attributed to
inputs and productivity in the explanation of overall output growth by
taking a disaggregated growth accounting approach. We will integrate
the growth of intermediate, capital and labour inputs in each individual
industrial sector into an analysis of the sources of growth for the econo-
my as a whole following the methodology developed by Jorgenson,
Gollop and Fraumeni (1987). We consider this methodology essential in
order to locate improvements in productivity in particular industries
and to discover why the growth of the residual accelerated in the sixties
and the degree to which specific technological change could have been
responsible. The main reason is that the relationship between techno-
logical change in the strict sense of the expression and productivity is
closer at sector level than at aggregate level, bearing in mind that tech-
nological progress has a differential impact on different sectors. At a
level of individual industries it is possible to observe whether the whole
span of modernizing sectors was broad or narrow and examine whether
or not technological change in pioneering sectors played a prominent
role in the changes experienced during these years 7.
The results of our analysis of sectorial productivity show that the so
called «Spanish Economic Miracle» arose, to a great extent, from swift
progress in technology in specific industries. The «leading» industries, in
terms of their large contribution to overall productivity growth, were
those that had fallen well behind their counterparts in advanced coun-
tries. These were the technologies developed in the United States in the
first quarter of the twentieth century and which spread through Europe
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8 As summarised by Jorgenson, Gollop and Fraumeni (1987) and Jorgenson (1995), chap-
ter 1.
after World War II. However, our results go further by revealing that
technical progress also had a widespread effect on most of the economy,
as most of the remaining industries experienced positive and significa-
tive rates of productivity growth. This means that individual industries
were influenced in a variety of ways by technological change coming
from the most modern industries but also by other types of spillover
effects and improvements in efficiency.
This article is organized as follows. In section 2.1 we summarise the
method developed by Jorgenson et al. (1987) for attributing the sources
of economic growth to industry level. In section 2.2 we present the sta-
tistical sources employed for measuring labour, capital and intermediate
input and discuss possible problems of underestimation of inputs. In
section 3.1 we present the decomposition of aggregate output growth
between growth in capital, labour and intermediate inputs and changes
in productivity and discuss the contribution of each input to individual
industry output growth. In section 3.2 we measure aggregate productiv-
ity growth by means of explicit aggregation over the industrial sector
taking a Domar approach into consideration. In section 4 we also dis-
cuss whether the group of modernizing sectors was narrow or broad and
if technological change in pioneering sectors and their interindustry
linkages played a prominent role in the changes experienced during
these years. Section 5 offers the concluding remarks. See Appendix for
data sources.
2. METHODOLOGY AND SOURCES
2.1. Methodology
This section summarises the methodology developed by Jorgenson et
al (1987) for allocating the sources of economic growth to industry
level 8.
Analysis of the sources of growth at industry level is based on the
decomposition of the sectorial output growth rate into the sum of the
contributions of intermediate, capital and labour inputs and productivi-
ty growth. The contribution of each input is the product of the value
share of the input and its growth rate. The methodology for productivi-
ty measurement which underlies the disaggregated approach is a homo-
geneous production function (F) for each of the n industrial sectors. The
production function for the ith industry gives the quantity of output, Zi,
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9 An aggregate production function gives value-added as a function of aggregate capi-
tal and labour inputs, so that intermediate inputs are excluded. As a consequence there is a
conceptual distinction between industry productivity (which takes into account intermedi-
ate inputs) and aggregate productivity (which only considers capital and labour). For this
reason and because there are reallocations of factors between sectors, aggregate productiv-
ity growth can differ from the weighted sum of sectorial productivity changes.
as a function of the primary inputs, capital services (Ki) and labour serv-
ices (Li), intermediate inputs (Xi) and the level of technology (t):
Zi 5 fi (Ki, Li, Xi, t) i 5 1....n [1]
where all inputs are measured as service flows rather than stocks. Under
the assumptions of constant returns to scale and the exhaustion of the
value of output by the value of inputs, the growth accounting equation
for each sector is,
d1nAi 5 d1nZi 2 vkid1nKi 2 vlidnLi 2 vmi1nXi [2]
where v is the average share of the subscripted input in the i sector and
Ai is industry productivity. Note that equations [1] and [2] define indus-
try-level productivity in terms of industry gross output rather than value-
added 9. This has several advantages, as highlighted by Jorgenson. First,
it provides an explicit role for intermediate goods in allocating econom-
ic growth at industry level. Second, it avoids the condition needed for the
existence of an aggregate production function. As Jorgenson et al. (1987)
show, this condition is not consistent with the empirical evidence
because the share of factors is very different at an individual industry
level. Finally, the sources of growth can be identified at individual indus-
try level, thus providing a more detailed understanding of the forces
driving aggregate trends.
The augmentation factor Ai represents the growth in output not
explained by input growth and is conceptually analogous to the TFP con-
cept used in aggregate accounts. It represents any kind of efficiency gains,
technological progress, scale economies and measurement errors which
allow more measured gross output to be produced from the same set of
measured inputs. We refer to this term as «industry productivity» to dis-
tinguish it from TFP, which is estimated from the value added concept.
The shares of intermediate (viX), capital (viK) and labour (viL) inputs in
the value of the output can be defined by,
piXXi piKKi piLLi
viX 5 ——–, viK 5 ——–, viL 5 ——– [3]qiZi qiZi qiZi
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where qi, pik, piL, and piX denote the prices of output, capital, labour and
intermediate inputs, respectively. Under constant returns to scale the
elasticities and the value shares for all three inputs add up to unity, so
that the value of output is equal to the value of the inputs.
For every sector, each of the inputs is an aggregate which depends on
the quantities of individual intermediate, capital and labour inputs.
Where Xij is the set of n intermediate inputs from the jth sector (j51...n),
Kki the set of p capital inputs and Lli the set of q labour inputs. The shares
of the individual intermediate (viXj), capital (viKk) and labour inputs (viLl)
can be defined in the values of the corresponding aggregates by,
piXjXji
viXj 5 ———– (i,j 5 1...n)piXXi
piKkKKi
viKk 5 ———– (i 5 1...n; k 5 1,...p) [4]piKKi
piLlLLi
viLl 5 ———– (i 5 1...n; l 5 1,...q)piLLi
So the increase in the quantities of services offered by each input
depends on the increase in the quantities of its components and the
change in the input value share of any component. The growth rate of
each input between two periods is a weighted average of the growth
rates of its components. Weights are given by the average share of each
component in the value of the input for the two periods.
Similarly, the translog index of productivity growth is the difference
between the growth rate of output and a weighted average of growth
rates of intermediate, capital and labour inputs.
2.2. Input measurement
Labour input: Sources and method
The appropriate measure of labour input is the flow of services ema-
nating from this factor which can be considered proportional to the
hours of work. An accurate measure of labour services would require the
taking into account of as many attributes of the labour force as possible
in order to capture its heterogeneity and improvements in workers’
skills. Differences in the services offered by any labour category are a
consequence of their differences in marginal productivity and can be
reflected in differences in labour compensation per hour in any employ-
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10 Industrial branches: «coal mining», «metal mining», «non-metal mining», «food and
tobacco products», «textile mill industries», «clothing and footwear», «furniture and fix-
tures», «paper products», «printing and publishing», «rubber and plastic industries», «chem-
ical products», «Coal and crude oil derivatives», «Manufactured metals, industrial machin-
ery and equipment, transport equipment», «construction», «trade», «banking and finance»
and «insurance».
11 Prados and Rosés (2005) also reach this conclusion. They consider that for the last
quarter of the twentieth century their labour quality index based on data from Salarios could
have underestimated the improvement in human capital as reflected by data on education.
ment category. These differences in marginal labour productivity by
workers are obtained through a process of education or qualification in
the workplace. Therefore, if we take into account as many attributes of
the labour force as possible we can better capture the changes in labour
force quality and in turn, the contribution of labour input to growth.
The first step towards developing this measure of labour input is to
construct employment matrices cross-classified by sex, age, education
and employment status for each year. The Instituto Nacional de
Estadística offers a survey called Salarios which contains information on
hours worked and average labour compensation per hour for fourteen
industrial branches, construction and three service branches 10. Data are
classified in two employment categories, skilled and unskilled workers,
with at least five salary levels in each category. Information on other
classification categories such as sex, age or education is not available.
This lack of attributes could bias the sectorial measures of labour input
due to the fact that changes in labour quality are poorly considered.
Changes in labour input could be undervalued, especially in those sec-
tors which move into the group of qualified workers in favour of a
greater presence of human capital 11.
Despite being the most comprehensive statistical source, with the
greatest number of attributes by sector and labour categories, Salarios
also has some drawbacks. Firstly, this source has been criticised for only
including companies of a certain size thus excluding much of the activ-
ity in sectors where small companies predominate. This bias in the col-
lection of data seriously undervalues the evolution of employment in
some activities. For this reason, we decided it was appropriate to cross
the survey information with total employment data collected by Alcaide
and published by the Fundación BBVA. Consequently we proceeded in
the following way. Firstly, we distributed total employment by sector
from BBVA sources in two broad categories, skilled and non skilled
labour. With this information we can break down the total employment
by sector published by the Fundación BBVA into two large categories.
The second disadvantage of the INE survey is that data have only
been available since 1964. So for the previous years, 1958-1962, we
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used the Fundación BBVA series on labour costs which contains data
since 1955. This source has also been used for agriculture for the whole
period.
The final step in constructing data on labour input for each of the sec-
tors is to combine price and quantity data. With the data on the average
labour cost for each category obtained in the Salarios survey, we calcu-
late vi for each sector in order to measure how changes in the quality of
employment affected the evolution of labour input. To construct a labour
input index for each sector, sectorial labour input, Li, is expressed as a
translog function of its individual components, Lli.
The corresponding sectorial labour input index is a translog quantity
index of individual labour inputs,
Li (t) 2 Li (t 2 1) 5 S
—
viLl (Lli(t) 2 Lli(t 2 1)) [5]
Where weights are given by the average shares of each component in
the value of sectorial labour compensation
1—
viLl  5 — [viLl(t) 1 viLl(t 2 1)] [6]
2
and
piLlLliviLl 5 ———— [7]
SpiLlLli
The value shares are computed from data on hours worked (Lli) and
wages per hour (piLl) for each component of sectorial labour input cross-
classified by employment category. Thus, growth in labour input reflects
the increase in labour hours as well as changes in the composition of
hours worked as firms substitute from heterogeneous types of labour,
although we are aware of the fact that our data do not capture changes
in labour quality very effectively.
Capital input: data sources and method
Jorgenson and Griliches (1967) approached the construction of capi-
tal input in the same way as that outlined in the previous section for data
on labour input. This approach is based on estimates for different types
of capital goods (e.g.: machinery and equipment, transport equipment,
structures and so on) using the perpetual inventory method and com-
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12 Hulten (1992); Greenwood, Hercowitz and Krusell (1997).
bining price and quantity data, cross-classified by type of asset into price
and quantity indexes of capital input. The corresponding sectorial capi-
tal input index is a translog quantity index of individual capital inputs,
Ki (t) 2 Ki (t 2 1) 5 S
—
viKk (KKi(t) 2 KKi(t 2 1)) [8]
where weights are given by the average shares of each component in the
value of sectorial capital property compensation
1—
viKk 5 — [viKk(t) 1 viKk(t 2 1)] [9]
2
and
piKkKKiviKk 5 ————– [10]
SpiKkKKki
where piKk represents the rental price of capital services. The key inno-
vation provided by the capital input quantity indexes developed by
Jorgenson and Griliches (1967) involves the aggregation of different
types of capital using rental prices as weights. Rental prices are identi-
fied with the marginal product of different types of capital which give a
good measure of the services of different kinds of capital. The rental
price is derived by Jorgenson and Hall (1967) under profit maximisation
using capital accumulation identity and the assumption of no adjust-
ment cost for capital:
pk(t) 5 pi(t 2 1)r(t) 1 δ1pi(t) 2 [pi(t) 2 pi(t 2 1)] [11]
where pk(t) is the rental price, pi(t) is the investment price of the capital
good I, δ1i is the depreciation rate for the capital good i, r is the nominal
rate of return, and the expression in brackets represents the revaluation
of the asset. Equation [11] implies that short duration capital goods, like
machinery, with longer amortization rates will tend to have higher rental
prices than structures and hence (see equation [10]) higher weights in
capital input. Similarly, those capital goods more affected by technolog-
ical change will be more sensitive to relative price declines and hence to
negative revaluation 12. The consequence will be higher rental prices for
those capital goods which embody more technological change and hence
greater weight in the input capital index.
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13 Agriculture; fisheries; energy products; metal mining; primary metals; non-metallic
mineral mining; chemicals and allied products; fabricated metal products; agricultural and
industrial machinery; electrical machinery; transportation equipment; food and kindred prod-
ucts; tobacco manufactures; textile mill products; apparel and other textile products; print-
ing, publishing and other paper products; rubber and plastic products; lumber, wood prod-
ucts and furniture; construction; hotels and restaurants; transportation; communications;
finance and insurance; other services.
14 A monograph published by the Ministerio de Industria y Energía (1980) offers infor-
mation on the coefficients of capital for different branches of Spanish industry.
15 Cubel y Sanchis (2005) present data on the relative prices of machinery and equip-
ment for Spain and relate the sharp decline during the sixties with the increasing share of
machinery imports in machinery and equipment investment. These imports came from the
most advanced countries. These countries presented lower relative prices for capital than
Spain.
16 Recently, numerous works have revisited the hypothesis of technical change embod-
ied in new capital. Although the results are not conclusive and depend to a large extent on
the assumptions made and on the historical moment analysed, there seems to be some con-
sensus on its relatively limited impact [Hulten (1992), Crafts (2004a and 2004b)].
The first step towards developing sectorial measures of capital input
is to construct estimates of capital stock by industry. Data on capital
stock at sectorial level are taken from the El stock de capital en España y
su distribución territorial (2005) database published by Fundación BBVA.
The advantage of this source is that it provides estimates of both net cap-
ital stock and gross investment for different sectors and it estimates dif-
ferent depreciation rates for every sector 13. The main difficulty in con-
structing «input capital» at a sectorial level for the Spanish economy is
that we cannot break down the aggregate capital stock for each sector
into its components because there are no disaggregated series of gross
fixed capital formation by sector. While we can break down the sectori-
al capital stock into machinery and equipment and structures at a point
in time, 1980, it is not possible to reconstruct the individual progress of
every kind of capital by industry 14. For this reason the growth of «capi-
tal input» is assumed to be proportional to the growth of the aggregate
capital stock for every sector.
This assumption implies not taking into account differences in eco-
nomic obsolescence of assets directly related with rapid technological
change that could significantly influence the evolution of capital servic-
es. In the period 1959-1966 there was a rapid decline in the relative
prices of machinery and equipment compared to the prices of other
investment goods 15. As a result, we suppose there was an increase in
machinery rental prices which could have marked a greater presence of
machinery and equipment in the capital input. For this reason we sus-
pect that the contribution of «capital input» to growth in the most inten-
sive sectors in terms of machinery and equipment investment, and hence
more exposed to technological change, could be underestimated 16. This
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17 The Tornqvist index is a discrete-time approximation to a Divisia index which takes
into account share changes over time. When the production possibilities being analysed can
be represented by a homogeneous translog function, as is the case, the Tornqvist index pro-
vides an accurate measure of the underlying theoretical volume index.
suspicion is reinforced by the fact that Spain doubled its rate of invest-
ment in machinery and equipment in the sixties.
Intermediate inputs: method and data sources
Intermediate inputs are treated in the same way as labour inputs.
Data on interindustry transactions published in the Spanish Input-
Output Tables for 1958, 1962, 1970 and 1975 have been used to disag-
gregate intermediate input by sector of origin. In order to bring inter-
mediate input measures into line with industry definitions from the
Spanish National Accounts classification, data on input-output tables
have been aggregated as described in the Appendix. Intermediate input
quantity indexes by sector of origin have been constructed by deflating
the value of intermediate input originating in each sector by a producer
price index for each sector output. This was achieved by using the
Tornqvist index, which is commonly used to measure volume changes
for productivity measurement purposes 17.
An industry’s intermediate input, (Xi), is expressed as a translog func-
tion of its n individual components (Xji),
Xi (t) 2 Xi (t 2 1) 5 S
—
viXj (Xji(t) 2 Xji(t 2 1)) [12]
where weights are given by the average shares of each component in the
value of sectorial intermediate outlay
1—
viXj  5 — [viXj(t) 1 viXj(t 2 1)] [13]
2
and
piXjXjiviXj 5 ———— [14]
SpiXjXji
j
The value shares are computed from data on intermediate input con-
sumption (Xji) and the corresponding prices paid by the receiving sectors
(piXj) for each component of sectorial intermediate input. Appendix A
describes how intermediate inputs consumptions are deflated.
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Output: Sources and coverage
Constructing data for sectorial productivity growth requires output to
be correctly valued. Jorgenson suggests the concept of valuation from
the producer’s point of view. This concept is half-way between the
national accounting concepts of valuation at market prices and valua-
tion at factor cost. The value of output at market prices includes taxes
paid by producers and excludes any subsidies they receive. Output value
at factor costs excludes these taxes and includes subsidies but interme-
diate inputs include taxes paid by producers for each input. Thus valua-
tion from the producers’ point of view is the best way to integrate output
and input data into productivity measures at sectorial level.
In general, output value has been taken from Input-Output Tables.
The level of aggregation and the classification of activities are different
in all the tables (1958, 1962, 1970 and 1975) and therefore correspon-
dences between tables must be established first. In some cases it is easy
to find some inconsistencies between two consecutive tables with
respect to the input and output growth rates. For this reason control
totals for output value are made. We checked the output growth derived
from Input-Output Tables with Value Added growth by sector from the
Spanish National Accounts.
We have considered most of the sectors in the National Accounts and
Input-Ouput Tables and have excluded public sector and private house-
holds output. This was because their output is defined as labour input
(public sector) or is set equal to a capital and labour input index (private
households). In both cases, productivity growth is zero by definition. Thus,
excluding these two sectors, the degree of coverage of the sectors consid-
ered in the analysis is 89 per cent of the Added-Value at factor costs for
1958, 80 per cent for 1962, 76 per cent for 1970 and 74 per cent for 1975.
3. SOURCES OF INDUSTRY GROWTH, 1958-1975
3.1. Sources of industry growth
In this section, we present the decomposition of aggregate output
into capital, labour and intermediate input growth and changes in pro-
ductivity (Tables I, II and III). Calculations have been made for three sub
periods, 1958-1962, 1962-1970 and 1970-1975 in order to exploit infor-
mation on intermediate consumption and total output from successive
input-output tables (1958, 1962, 1970 and 1975) more accurately.
To explore the changing sectorial contributions to aggregate TFP
advance, we need first to consider how the structure of the economy has
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18 See Sanchis (2000), chapter 2 for more details about sectorial decomposition of output
at two digit level for 1954-1975.
19 Sanchis (2001) carried out a similar application for sectorial productivity growth,
using a «dual approach», in which variations in productivity were obtained from changes
in goods prices with relation to factor prices, while output and input quantities were con-
sidered fixed at a base year. The calculations presented in this research have been obtained
using the «primal approach», in which input prices remain constant throughout the entire
period, while changes in output and input quantities are computed. In theory, these two
approaches should give similar results under the assumption of perfectly competitive mar-
kets of goods and factors. However, markets are not perfectly competitive and price changes
do not usually register overall productivity increases. Therefore, the «dual approach» tends
to undervalue productivity growth unlike the «primal approach».In this paper we employ
the primal approach.
20 Myro (1983), Suárez (1992), Cebrián (2000), Serrano and van Ark (2001). Gandoy
(1987, 1988) carried out global productivity estimates for 28 industrial branches in the period
1964-1974 obtaining a higher result (6.5 per cent for total industry).
evolved. An examination of the sectorial distribution of the value added
reveals that the shares of all goods-producing sectors of the economy,
with the exception of agriculture, increased during 1958-1975.
Agriculture fell from 22 per cent to 12 per cent. Meanwhile, industry
increased from 22.4 per cent to 35 per cent and services remained
unchanged, but with important composition changes. Within manufac-
turing, «machinery and equipment», «transport equipment», «chemicals
and allied products» and «rubber and plastic products» recorded the
largest share increases between 1958 and 1975, while the share increas-
es in «textiles» and «clothing and leather goods» were more modest 18.
The changing composition of output is the result of rapid output and
productivity growth in some sectors combined with slow rates in others.
Productivity variation rates compiled in Tables I, II and III are notice-
ably higher than those obtained by the same author in a previous
paper 19. These new results are more consistent with output growth and
are similar to aggregate productivity growth obtained by other authors
for a similar period 20. The results show the importance of high technol-
ogy industries like «machinery and equipment», «motor vehicles and
transportation equipment», «chemical products» and «electric utilities»
which grew rapidly in both output and productivity. It also highlights the
growth of productivity witnessed by «rubber and plastic industries» after
1962. The sectors which grew slowly include most services, «food and
tobacco products», «textile mills products» and «clothing and footwear»,
«lumber, wood and furniture» and «primary metals» which display
below-average output growth and low or even negative productivity
growth.
The results presented also highlight a wide variation in output and
productivity growth between industries. The growth rate of total output
ranges from 1.5 per cent in «railroads» to 23 per cent in «motor vehicles
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and transportation equipment» in 1958-1962, from 0.5 per cent in «rail-
roads» to 20 per cent in «rubber and plastics» during the second period
and from 0.65 per cent in «textile mills products» to 16 per cent in
«transport equipment industries» and 18 per cent in «miscellaneous
manufacturing». This is not surprising as these industries produce dif-
ferent outputs, face changing consumer and business demands, and
respond differently to evolving technologies. Similarly, productivity
growth ranges from –5.15 per cent in «railroad transports» to 9.22 per
TABLE 1
SOURCES OF OUTPUT GROWTH BY INDUSTRY, 1958-1962
Sources: Author’s calculations from 1958 and 1962 Input-Output Tables (for total output, inter-
mediate inputs and inputs shares in total output), Fundación BBVA (for labour and capital input),
INE (Contabilidad Nacional... for Value Added and Salarios for classification of labour input by
changes in labour quality).
Notes: (1) Annual cumulative rates of growth for total output in percentage points; (2), (3) and
(4) annual cumulative rates of growth for intermediate, labour and capital weighted by their respec-
tive share in industry output; (5) TPF growth is equal to the growth of output (1) less the share-
weighted growth of inputs [(2)+(3)+(4)].
Contributions to Total Output Growth
Output Inter- Product.
growth mediate
Labour Capital
growth
(1) (2) (3) (4) (5)
Agriculture........................................... 10.98 7.26 –1.07 3.64 1.15
Energy, not including electricity ........ 18.09 9.60 0.31 3.64 4.54
Electricity, gas and water ................... 10.27 0.09 0.36 1.52 8.30
Metal and non-metallic mining.......... 7.46 2.30 0.52 1.61 3.03
Primary transformation of metals ..... 17.25 13.24 0.34 2.08 1.59
Non-metallic minerals industry ......... 14.84 3.83 1.22 0.83 8.55
Chemical industries ............................ 16.77 7.50 0.28 0.42 8.49
Industrial machinery and equipment... 19.29 6.41 2.11 1.55 9.22
Transport equipment .......................... 22.93 13.27 4.76 0.84 4.06
Food and tobacco products................ 7.97 5.90 0.19 2.64 –0.76
Textile mills products.......................... 6.40 4.38 0.35 0.09 1.58
Clothing and footwear ........................ 12.68 8.13 0.34 0.07 4.15
Lumber, wood and furniture .............. 3.43 2.81 0.62 0.07 –0.07
Paper products and printing .............. 15.73 9.82 0.80 0.10 5.01
Rubber and plastic.............................. 39.50 29.26 1.32 0.52 8.40
Miscellaneous manufacturing ............ 23.67 12.02 0.00 4.88 6.77
Construction........................................ 8.31 6.32 0.95 2.12 –1.08
Trade .................................................... 6.63 1.55 2.17 1.97 0.95
Hotels, restaurants and bars .............. 13.93 6.55 0.79 2.35 4.24
Railroad transport............................... 1.50 2.27 1.95 2.43 –5.15
Land transport .................................... 16.6 9.59 1.73 5.36 –0.68
Sea transport ....................................... 8.29 5.99 1.85 0.96 –0.51
Air transport ........................................ 24.02 24.84 1.45 1.55 –3.82
Communications ................................. 13.20 1.47 2.44 1.64 7.65
Financial institutions.......................... 5.33 0.04 1.12 5.00 –0.84
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21 Harberger (1998), with reference to negative TFP growth, points out the following
causes: external shocks like international prices, competition within industries, firms strug-
gling to survive while experiencing output levels below their previous peaks or below installed
capacity. He recognizes that firms with negative productivity may even be innovators, firms
that respond in different ways to new challenges.
22 Jorgenson, Gollop and Fraumeni (1987) obtained negative productivity growth during
the period 1948-1979 in similar industries for the United States: «coal mining», «crude petro-
leum and natural gas», «tobacco manufacturers», «paper and allied products», «primary
metal industries», «street railways», «transportation services», «radio broadcasting and tel-
evision», «gas utilities», «water transportation», «institutions» and «services, exluding pri-
vate households and institutions». Similar sectors present negative productivity growth for
the period 1961-1995 for the Canadian economy [Gu and Ho (2000)].
cent in «industrial machinery and equipment» in 1958-1962, from –2.70
per cent in «trade» to 9.78 per cent in «electricity, gas and water» in
1962-1970, and from –0.87 per cent in «construction» to 12.38 per cent
in «communications» and 8.87 per cent in «air transport» in the last
period.
An important feature of productivity growth at sectorial level is that
some industries present negative rates. This fact could be interpreted as
a decline in overall production efficiency, and may be the consequence
of drastic changes in relative prices in inputs, or represent declining
industries 21. In other cases, the negative rates are found in new fast
growing sectors like «air transport» and «communications services»,
where new firms respond differently to new challenges or are carrying
over the costs of establishing the industry.
The industries with negative productivity growth include «energy,
except for electricity» (which includes «petroleum and coal mining
industries»), «food and tobacco», «clothing and footwear», «lumber,
wood and furniture» or «railroad transportation» 22. However, the most
striking fact is that most industries and services present positive pro-
ductivity growth throughout the entire period and the increase in aggre-
gate productivity comes from almost all sectors of the economy but
within a wide range of variation as a signal of the positive transforma-
tion of the Spanish economy in the sixties.
Tables I, II and III also present the analysis of the sources of growth
at industry level based on decomposing the sectorial output growth rate
into the sum of the contributions from intermediate, capital and labour
inputs and the growth of sectorial productivity. Each input’s contribu-
tion is the product of the value share of the input and its growth rate. A
glance at the results seems to show that the contribution of intermediate
inputs was by far the most significant source of output growth, exceed-
ing productivity growth and the contributions of capital and labour
inputs. We must interpret this result as a signal of the increasing mod-
ernization experienced by the Spanish economy during the sixties which
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led to a general increase in interindustry transactions and also as direct-
ly related with the high level of disaggregation of the data. But interme-
diate inputs are not primary sources of growth and their contribution to
growth might be seen as a vehicle for transmitting self productivity
increases to other parts of the economy. In the next section we discuss
the contribution of intermediate inputs.
For this reason, if we discount the contribution of intermediate
goods, productivity becomes the main source of growth in almost all
TABLE 2
SOURCES OF OUTPUT GROWTH BY INDUSTRY, 1962-1970
Sources: Author’s calculations from 1958 and 1962 Input-Output Tables (for total output, inter-
mediate inputs and inputs shares in total output), Fundación BBVA (for labour and capital input),
INE (Contabilidad Nacional... for Value Added and Salarios for classification of labour input by
changes in labour quality).
Notes: (1) Annual cumulative rates of growth for total output in percentage points; (2), (3) and
(4) annual cumulative rates of growth for intermediate, labour and capital weighted by their respec-
tive share in industry output; (5) TPF growth is equal to the growth of output (1) less the share-
weighted growth of inputs [(2)+(3)+(4)].
Contributions to Total Output Growth
Output Inter- Product.
growth mediate
Labour Capital
growth
(1) (2) (3) (4) (5)
Agriculture........................................... 1.88 1.17 –0.74 0.49 0.96
Energy not including electricity......... 16.08 5.53 0.38 2.18 7.98
Electricity, gas and water ................... 18.30 4.73 –0.43 4.22 9.78
Metal and non-metallic mining.......... 8.28 0.40 0.25 1.70 5.92
Primary transformation of metals ..... 11.21 6.90 0.25 2.10 1.96
Non-metallic minerals industry ......... 15.84 7.79 0.16 1.54 6.35
Chemical industries ............................ 13.06 7.03 0.26 1.69 4.09
Industrial machinery and equipment... 17.24 10.04 0.65 0.80 5.74
Transport equipment .......................... 14.37 10.43 0.53 1.55 1.86
Food and tobacco products................ 7.38 5.12 0.07 0.17 2.02
Textile mills products.......................... 3.35 1.01 –0.08 0.09 2.32
Clothing and footwear ........................ 11.02 6.50 –0.16 0.17 4.51
Lumber, wood and furniture .............. 11.41 4.04 0.27 0.66 6.44
Paper products and printing .............. 14.32 7.04 0.45 1.05 5.78
Rubber and plastic.............................. 20.81 8.52 0.85 4.08 7.36
Miscellaneous manufacturing ............ 8.22 6.25 0.47 0.30 1.21
Construction........................................ 10.02 5.08 1.01 6.28 –2.34
Trade .................................................... 5.76 5.00 0.57 2.88 –2.70
Hotels, restaurants and bars .............. 14.88 13.90 1.22 1.23 –1.46
Railroad transport............................... 0.54 0.21 1.11 1.01 –1.79
Land transport .................................... 10.05 2.12 0.61 2.02 5.30
Sea transport ....................................... 10.74 6.10 0.82 0.46 3.36
Air transport ........................................ 23.11 11.18 1.13 0.37 10.43
Communications ................................. 6.74 5.86 1.22 –0.92 0.57
Financial institutions.......................... 19.51 14.75 4.70 –4.77 4.82
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activities. It is significant that the industries producing intermediate
goods, defined as those whose production is mainly sold to other indus-
tries for their production processes (see Table IV), are among the activi-
ties with the greatest growth in productivity. This is the case of the «ener-
gy industries», «primary mineral industries», «chemical industries»,
«rubber and plastic industries» and some branches of the service sector,
such as «road transport», «communications» and «air transport». The
same would occur with equipment goods industries, defined as those
TABLE 3
SOURCES OF OUTPUT GROWTH BY INDUSTRY, 1970-1975
Sources: Author’s calculations from 1970 and 1975 Input-Output Tables (for total output, inter-
mediate inputs and inputs shares in total output), Fundación BBVA (labour and capital input), INE
(Contabilidad Nacional... for Value Added and Salarios for weight of labour input categories).
Notes: (1) Annual cumulative rates of growth for total output in percentage points; (2), (3) and
(4) annual cumulative rates of growth for intermediate, labour and capital weighted by their respec-
tive share in industry output; (5) TPF growth is equal to the growth of output (1) less the share-
weighted growth of inputs [(2)+(3)+(4)].
Contributions to Total Output Growth
Output Inter- Product.
growth mediate
Labour Capital
growth
(1) (2) (3) (4) (5)
Agriculture........................................... 3.03 1.69 –1.92 0.36 2.90
Energy not including electricity......... 9.99 9.89 –0.02 0.85 –0.74
Electricity, gas and water ................... 4.91 0.68 0.24 3.13 0.86
Metal and non-metallic mining.......... 4.95 1.68 -4.31 2.63 4.95
Primary transformation of metals ..... 3.85 0.40 0.19 0.44 2.81
Non-metallic minerals industry ......... 9.66 7.13 0.04 1.58 0.91
Chemical industries ............................ 8.19 4.50 0.71 1.35 1.64
Industrial machinery and equipment... 10.19 6.25 0.58 0.35 3.01
Transport equipment .......................... 15.97 7.01 0.47 0.51 7.99
Food and tobacco products................ 4.65 3.82 –0.08 0.46 0.46
Textile mills products.......................... 0.64 –2.47 –0.24 0.66 2.70
Clothing and footwear ........................ 3.44 1.59 0.17 0.78 0.90
Lumber, wood and furniture .............. 6.82 2.39 0.69 0.96 2.78
Paper products and printing .............. 11.59 6.79 0.69 1.03 3.08
Rubber and plastic.............................. 10.72 3.93 0.88 1.88 4.03
Miscellaneous manufacturing ............ 18.69 4.11 0.91 1.02 12.67
Construction........................................ 6.98 6.38 1.04 0.42 –0.87
Trade .................................................... 5.16 0.80 0.82 3.36 0.18
Hotels, restaurants and bars .............. 3.53 2.11 0.43 1.32 –0.33
Railroad transport............................... 5.56 1.61 0.10 1.89 1.96
Land transport .................................... 11.20 5.78 0.08 2.17 3.16
Sea transport ....................................... 7.73 2.45 0.08 1.06 4.14
Air transport ........................................ 13.20 3.81 0.07 0.46 8.87
Communications ................................. 14.71 0.87 0.14 1.33 12.38
Financial institutions.......................... 8.62 5.68 2.12 1.32 –0.50
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23 Cebrián (2000) follows an aggregate growth accounting approach and concludes that
the contribution of capital to growth was low in comparison to other European countries
and considers the results as a sign that most TFP growth was due to disembodied techno-
logical change.
24 See the discussion for measuring capital input in the previous section.
25 For postwar productivity growth in the United States, Greenwood, Hercowitz and
Krusell (1997) incorporate changes in capital input quality to estimate its contribution to
output growth. Their results reveal that investment-specific technological change accounts
for the majority of growth.
26 Myro (1983), Suárez (1992), Cebrián (2000) and Prados and Rosés (2005).
whose production is preferably consumed as investment goods by other
activities (like «machinery» and «transport equipment»).
Capital deepening was the second most important source of growth
behind productivity growth. The relatively poor contribution of capital
together with the low growth of capital quality have been interpreted by
other authors as a trail in favour of the importance of disembodied tech-
nological change in the explanation of growth 23. However, a closer look
at our results shows that gains in productivity growth were larger in
investment goods producing industries («machinery and equipment
industries» and «transport equipment industries»). The evidence is
equally clear that in the case of intermediate industries and investment
goods industries high rates of productivity growth went hand in hand
with high rates of productivity growth. We can suspect that technologi-
cal advances in «investment goods industries» were a direct source of
productivity growth in these industries as well as an indirect source of
more rapid capital deepening and productivity growth in other indus-
tries. Technological progress in the investment goods industries could
have had two effects on the Spanish economy in the sixties. First (direct-
ly observed in the data), as the production of investment goods improved
and became more efficient, this raised overall productivity in the capital
goods industries and contributed to TFP growth for the economy as a
whole. Second (not directly observed in the data), the decline in the rel-
ative prices of machinery and equipment was an indirect source of more
rapid capital deepening in other industries. If this last effect is not
accounted as an increase in capital input it would be recorded as an
increase in productivity at the level of capital consuming industries 24.
This could explain why, in general, the contribution of capital tends to
be underestimated in favour of productivity in a period of high invest-
ment rates and high «catch-up» and productivity growth in investment
goods industries in Spain 25.
Labour, however, appears to be the factor which least influenced
growth, confirming the results obtained by other authors where the
Spanish economy’s lack of labour generating capacity during the period
of rapid growth in the sixties is emphasized 26. But, as mentioned in the
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27 Domar (1961). This aggregation procedure is also followed by Jorgenson, Gollop and
Fraumeni (1987) and by other authors such as Jorgenson and Stiroh (2000).
previous section, the lack of attributes in the construction of the labour
input could have resulted in an underestimation of the sectorial meas-
ures of labour input due to the fact that changes in labour quality have
been given insufficient importance.
3.2. Aggregation of productivity across industries
We have derived growth accounting in the previous section for each
industry to measure the sources of economic growth for individual
industries. In order to obtain an aggregate measure of TFP growth we
can aggregate over individual industries or use an aggregate model of
production. The key difference between the two approaches is the use of
different output concepts. At aggregate level only primary inputs are
included in the industry production functions, whereas both primary
and intermediate inputs are included at disaggregated level.
To aggregate over industry productivity growth and obtain results
consistent with aggregate TFP growth we have followed Domar’s aggre-
gation 27. He showed that TFP growth can be expressed as a weighted
average of industry productivity growth:
1 Pi,tQi,t Pi,t21Qi,t21∆A 5 S—wi ∆A, —wi 5 — [——— 1 ————–] [15]i 2 PY,tYt PY,t21Yt21
where —wi is the «Domar weight», PiQi is current gross output in sector i,
and PYtYt is current aggregate value added. As can be seen, Domar weights
do not sum unity. With this aggregation procedure Domar tries to reflect
the different output concepts used at aggregate and industry level. For
any particular industry, gross output considerably exceeds value added,
and therefore the sum of gross output across industries exceeds the sum
of value added. Weighting as suggested by Domar implies that economy-
wide TFP growth can grow faster than the sum of particular industries’
productivities as productivity gains in any particular industry are magni-
fied as they work their way through the production process when they are
consumed by other industries as intermediate inputs.
For example, a substantial part of price declines in the production of
electricity or electrical appliances can be traced to steep price declines in
the «machinery and equipment industry» or in any industry which con-
sumes these components as intermediate inputs. Price decreases in the
industries which consume those inputs could reflect technological
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progress coming from the intermediate industries. So the impact of
intermediate industries on overall productivity growth may not be well
reflected in aggregate measures based only on value added.
Table IV shows the significant group of activities which can be con-
sidered as intermediate industries under the criterion that they sell more
than 50 per cent of their output as intermediate inputs. These include
«agriculture», «electricity», «other energies», «metal and non-metallic
mining», «primary transformation of metals» and «chemical industries»,
«paper products», «communications» and «financial services». Other
industries such as «machinery and equipment» and «transport equip-
ment» are not included in this group because they sell most of their out-
put as final investment goods. Any increase in productivity in interme-
diate industries would be transmitted to other sectors through interme-
diate consumption. The impact of intermediate inputs on overall growth
can be seen in their large contribution to the output growth of most
industries (see column 2 in Tables I, II and III). When we account for
productivity in terms of total output, intermediate inputs can be consid-
ered as the first source in explaining growth in individual industries. But
when we account for growth in terms of value added, the impact of inter-
mediate inputs is diluted as part of total TFP growth because productiv-
ity increases in intermediate industries are transmitted to the rest in the
form of further increases in productivity.
TABLE 4
SALES AS INTERMEDIATE INPUT OVER TOTAL OUTPUT (%)
Source: Author’s calculations over Spanish Input-Output Tables for 1958, 1962, 1970 and 1975.
1958 1962 1970 1975
Agriculture ................................................. 62.3 65.9 76.9 74.3
Energy, not including electricity............... 81.2 85.0 70.7 82.0
Electricity, gas and water .......................... 58.7 62.3 56.9 64.7
Metal and non-metallic mining ................ 69.2 84.5 93.9 96.1
Primary transformation of metals............ 95.6 93.0 93.3 92.3
Non-metallic minerals industry................ 84.2 89.0 89.6 85.2
Chemical industries................................... 66.7 72.8 69.4 72.0
Industrial machinery and equipment ...... 23.0 29.1 31.3 39.7
Transport equipment ................................. 22.3 32.3 36.0 31.9
Textile mills products ................................ 42.4 69.9 83.3 64.5
Lumber and furniture ............................... 53.6 58.8 51.1 46.3
Paper products, printing and publishing .. 39.0 75.6 69.1 65.1
Rubber and plastics................................... 25.4 47.1 46.4 44.8
Railroad transport ..................................... 29.1 49.2 63.1 60.4
Land transport ........................................... 24.2 36.0 43.1 52.2
Communications ....................................... 51.6 57.1 53.4 47.6
Financial institutions ................................ 42.3 92.5 85.2 54.3
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The impact of domestic intermediate industries on overall productiv-
ity would be higher if we consider that 90 per cent of intermediate con-
sumption was in domestic products, with the exception of «agriculture»
(only 65 per cent), «energy, not including electricity» (around 80 per
cent) and «chemicals» (around 70 per cent).
Aggregating over Domar’s weight we can increase the contribution to
the global productivity of any given industry by taking into account the
share of their output which is not reflected in final consumption.
Figure I presents our estimates of each Domar industry contribution to
TFP growth for the period 1958-1975. Summing across industries gives
an estimate of aggregate TFP growth of 4.46 per cent for 1958-1975,
where 3.19 points came from the above considered intermediate indus-
tries and 1.03 points came from investment good industries.
The most striking feature of Figure I is the wide range of industry
contributions. On the one hand, «Agriculture» and «food and tobacco
products» made large Domar contributions because of their large share.
Agriculture’s Domar weight ran from 0.44 in 1958 to 0.23 in 1975 while
its productivity increased at a moderate rate (1.57 per cent on average
between 1958 and 1975). The fact that agriculture lost weight in total
output over the period explains its decreasing contribution to overall
productivity, although it was still very high at the end of the period.
«Food and tobacco industries» made a high contribution because of high
Domar’s weights, between 0.33 per cent and 0.26 per cent, although pro-
ductivity increases were low (0.9 per cent).
On the other hand, «industrial machinery and equipment», «trans-
port equipment», «electricity, gas and water», «chemical industries» and
«clothing and footwear» among non-agricultural industries made the
largest contributions to TFP growth because of their high rates of pro-
ductivity growth in spite of their relatively small size. Machinery’s
Domar weight ran from 0.08 in 1958 to 0.1 in 1975, but its productivity
grew at 5.75 per cent per year; «chemical industry» weight ran from 0.09
to 0.16, but its productivity grew at 3.95 per cent, «electricity, gas and
water» ran from 0.04 to 0.05 and its productivity increased at 6.8 per
cent per year and «clothing and footwear» weight ran from 0.073 to
0.075 and its productivity increased at a 4.5 per cent per year between
1958 and 1970. An industry’s contribution to aggregate productivity
growth depends on both productivity performance and relative size. The
Domar size of these industries is greater than their value added share
and thus their contribution to productivity growth is more significant
when its contribution to intermediate consumption is considered.
Figure I also highlights the impact of some industries which experi-
enced negative productivity growth. Again, both performance and rela-
tive size matter. Construction made an important negative contribution
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because of its negative productivity growth and its large share in the
economy. A similar situation occurred with «trade» which made an
important negative contribution in 1962-1970 because of its relatively
high share.
4. INTERPRETING ECONOMIC GROWTH: «YEAST VERSUS
MUSHROOMS»
In this section we seek to answer the question of whether the growth
process behaves in a balanced or unbalanced way. If the growth process
is unbalanced, it is because a reduced number of sectors explain most of
the transformation. In this case a set of leading sectors, those with clear
opportunities for technological change, will explain most productivity
growth. The rest of the overall transformation could be explained by
spillover effects or by the linkages of these sectors with other parts of the
economy. The main disadvantage of explaining growth in this way is that
FIGURE 1
INDUSTRY CONTRIBUTIONS TO AGGREGATE TFP GROWTH, 1958-1975
Source: See Tables 1, 2 and 3.
Note: Average annual Domar contribution in percentage points.
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28 Regarding the debate over the British Industrial Revolution during the first half of
the 19th century, O_Brien (1993) considers interindustry linkages of modernizing sectors to
be insufficient. More recently, Crafts (2004a and 2004b) highlights the relatively small and
long-delayed impact of steam on productivity growth even when capital deepening is taken
into account. However he concludes that technological change alone accounted for the accel-
eration in labour productivity growth.
29 These tables are based on data provided by Harberger (1998).
the forward and backward linkages from the leading sectors tend to have
a limited impact so the explanatory power of an interpretation based on
the role of the leading sectors is usually too weak 28.
Tables V, VI and VII and Figure II show the degree of concentration
of productivity improvements in industries 29. First, the industries are
classified in descending order according to their rates of productivity
growth in each period [column (1)]. Column (2) shows Domar’s contri-
bution to productivity growth. Column (3) shows the share of each sec-
tor in aggregate Value Added. The last two columns show the cumulative
sums of Value Added (column 4) and the cumulative sum of productivi-
ty expressed in terms of Domar’s contribution (column 5).
We can observe that total productivity improvements tend to be con-
centrated in very few industries. For 1958-1962, half the productivity
increase was explained by the top six industries (column 1) which joint-
ly represent 12 per cent of total Value Added (column 5). For 1962-1970,
fifty per cent of overall productivity growth was explained by the top
nine industries which represented only 18.2 per cent of total Value
Added. For the last sub period, 1970-1975, the same growth was
explained by the top eight industries which represented only 17 per cent
of total Value Added.
Not only were the contributions to productivity increase highly con-
centrated in relatively few modern industries, but also these industries
tend to appear in the group of leaders throughout the entire period.
«Machinery and equipment industry», «electricity, gas and water»,
«equipment transport» and «rubber and plastics industry» remained in
the top 50 per cent of TFP increase. If one considers 75 per cent of the
transformation, «miscellaneous manufactures», «chemical industry» and
«communications» and «air transport» could be added to this group. The
persistence of the industries in the leading group in productivity is evi-
dence in favour of the hypothesis that specific technological change was
a central element in global modernization. The external effects derived
from the incorporation of new technologies were not exhausted immedi-
ately and they caused the persistence of high rates of output and pro-
ductivity growth in subsequent periods and in other sectors.
During these years, technological change was linked to the diffusion
of electrical machinery and appliances, to the chemical industry, the
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30 Field, A. (2006).
31 Crafts and Tonniolo (1996) maintain that Europe experienced a technological «catch-
up» with the United States after the Second World War based on the development of tech-
nologies linked to the consumption of electricity and petroleum which the United States had
developed during the interwar years.
automobile industry and related industries and to new communications
(telephone and television). These were the industries which led TFP
growth in United States during the second quarter of the twentieth cen-
tury 30 and the industries which offered more opportunities for catching-
up in a backward country such as Spain in the sixties. Technological
change in these industries had important implications for the accelera-
tion of productivity in these sectors and other parts of the economy. The
general application of electricity to production meant a significant
change in the layout of factories and the renovation of capital stock. At
the same time, small electric motors were also critical on the product
side driving the production of new consumer products such as vacuum
cleaners, refrigerators, washing machines, heaters and so on. The ascen-
dancy of transport equipment industries was outstanding and in partic-
ular the development of the automobile industry. On the other hand, the
introduction of new chemical processes affected a large number of sec-
tors including the mining industry and the electrical power generating
industries in a disembodied way. Chemistry also lengthened the life of
equipment or structures and improved many of the inputs of the auto-
mobile industry.
Harberger (1998) created an analogy for describing the economic
process in terms of balance or imbalance which he called the «yeast ver-
sus mushrooms process». In his own words: «This analogy comes from
the fact that yeast causes bread to expand very evenly, like a balloon
being filled with air, while mushrooms have the habit of popping up in
a fashion that is not easy to predict». Following this analogy, he inter-
prets the growth process as a «yeast» one within each industry and
«mushrooms» between industries. Similar productivity changes tend to
be experienced by firms within the same industry depending on that
industry_s luck in the technological draw. Productivity changes tend to
be highly diverse between different industries because technical
progress is scattered and unpredictable.
In the case of the Spanish economy during the sixties, the image that
could emerge from these results would be that of a «mushroom process»
between industries, in which the opportunities for particular industries
to experience rapid productivity growth depended on the technological
deficit they had with regard to the most advanced countries 31. In this
sense, the mushroom process was not unpredictable but was guided by
the steps taken by the most advanced countries.
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The «mushroom process» rapidly became a «yeast process». Although
the findings here place some industries at the heart of the transforma-
tion, it does not follow that productivity improvements were located in
only a few modern industries. The evidence tells us a more complex story.
Nevertheless, despite the high concentration of the transformation, one
can still observe that 80 per cent of total Value Added in the first sub peri-
od, 72.8 per cent in the second and 82 per cent in the last sub period
experienced positive productivity increases. Domar’s contribution calcu-
lations attempt to account for industry interdependence through input-
output transactions or technological spillovers linked to the leading sec-
tors. These calculations reveal that interrelationships between specific
leading industries and the rest of the economy were high and hence the
industries involved in productivity improvements represented an
increasing share of total output. These results lead us to extend
Harberger’s «yeast» analogy to the economy as a whole. Technological
progress took place at the same time in several specific industries and
caused productivity to increase not only into these particular industries
but also into other parts of the economy. Sometimes it was spread
throughout new capital goods (the embodiment hypothesis). Sometimes
throughout better and more efficient intermediate inputs (electricity,
chemical products, new materials and so on). These changes also forced
other ways of improving productivity such as organisational changes,
improvements in human capital through «learning by doing» and «learn-
ing by using» or scale economies linked to the increase in demand.
The fact that such a wide variety of industries benefited in a wide
variety of ways from technological progress at the same time directs our
attention to the change in the direction of economic policy. In 1960
Spain started to look abroad and this change had several implications
including easier access to technology transfer from more advanced
countries and the injection of growing competition into the Spanish
economy which stimulated modernisation. This meant that not only the
industries directly linked to specific technological change, but also the
more traditional sectors, such as agriculture and consumer goods indus-
tries (textile, clothing and footwear, food) experienced quite an increase
in productivity from the perspective of long term economic growth.
Another striking fact observed in Tables V, VI and VII is the charac-
teristic «overshooting», that is to say, that part of productivity growth
which is «cancelled out» by the negative contribution of the «losers».
Figure II tries to represent this «overshooting». For this purpose the
degree of concentration of productivity growth is represented against
the concentration in Value Added, in a similar way to a Lorenz curve. On
the x-axis we have represented the cumulative sum of total Value Added
and the y-axis shows the cumulative sum of productivity growth.
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The first vertical line marks the point where the rising curve crosses
100 per cent on the vertical axis. The question is «what» percentage of
the output coming from the top branches in terms of productivity
growth could represent the productivity growth for output as a whole.
For example, in 1958-1962, the productivity growth of just 33 per cent of
industries (measured by their share in Value Added) was equal to the
productivity increase for the economy as a whole. After that there are
other industries producing another 47 per cent of the total, but their con-
tribution is offset by yet another 20 per cent of industries with negative
productivity growth. The fraction of industries that were able to account
for the full amount of productivity increases represented 43 per cent of
total Value Added for 1962-1970, and 53 per cent for 1970-1975.
TABLE 5
CONCENTRATION OF TFP GROWTH IN SPANISH INDUSTRIES, 1958-1962
Sources: Author’s calculation. See Table I.
Share in Cumulative Cumulative
Productivity Domar’s
Value Sum of Sum of
growth contribution
Added % Value Added Productivity
(1) (2) (3) (4) (5)
Industrial machinery and
equipment..................................... 9.22 0.84 0.04 0.04 0.84
Non-metallic minerals industry .... 8.55 0.25 0.02 0.05 1.09
Chemical industries ....................... 8.49 0.67 0.03 0.08 1.76
Rubber and plastic......................... 8.40 0.14 0.01 0.09 1.90
Electricity, gas and water .............. 8.30 0.31 0.03 0.12 2.21
Communications ............................ 7.65 0.09 0.01 0.12 2.30
Miscellaneous manufacturing....... 6.77 0.14 0.01 0.14 2.44
Paper products and printing ......... 5.01 0.19 0.01 0.15 2.62
Energy not including electricity.... 4.54 0.18 0.02 0.17 2.80
Hotels, restaurants and bars ......... 4.24 0.22 0.03 0.20 3.03
Clothing and footwear ................... 4.15 0.32 0.02 0.23 3.35
Transport equipment ..................... 4.06 0.30 0.03 0.26 3.65
Metal and non-metallic mining..... 3.03 0.04 0.01 0.26 3.69
Primary transformation
of metals ....................................... 1.59 0.16 0.02 0.29 3.85
Textile mills products..................... 1.58 0.10 0.04 0.33 3.95
Agriculture...................................... 1.15 0.54 0.29 0.61 4.49
Trade ............................................... 0.95 0.17 0.13 0.75 4.66
Lumber, wood and furniture......... –0.07 0.00 0.02 0.76 4.66
Land transport ............................... –0.68 –0.05 0.04 0.80 4.61
Food and tobacco products........... –0.76 –0.25 0.05 0.86 4.36
Financial institutions..................... –0.84 –0.06 0.06 0.91 4.30
Construction................................... –1.08 –0.14 0.06 0.97 4.16
Sea transport .................................. –1.84 –0.01 0.01 0.98 4.15
Air transport ................................... –3.82 –0.01 0.00 0.98 4.14
Railroad transport.......................... –5.15 –0.13 0.02 1.00 4.01
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If the losers had only contributed zero change in productivity, we
would have had cumulative TFP growth of 4.66 per cent for 1958-1962,
6.13 per cent for 1962-1970 and 4.14 for 1970-1975. The second vertical
line marks this maximum point of the curve. The interpretation is that
about 75 per cent of industries enjoyed productivity increases during
1958-1962, while the remaining 25 per cent recorded negative produc-
tivity growth. For the subsequent periods, the corresponding figures
were 73 per cent for 1962-1970 and 82 per cent for 1970-1975. One strik-
ing fact that emerges from this set of negative contributions is how sta-
ble the negative contribution was across periods: quantitatively
(between 25 and 18 per cent of VA, and between 0.2 and 1.06 percentage
points) and qualitatively (the sectors with negative contributions were
almost the same throughout the entire period: «financial institutions»,
TABLE 6
CONCENTRATION OF TFP GROWTH IN SPANISH INDUSTRIES, 1962-1970
Sources: Author’s calculation. See Table I.
Share in Cumulative Cumulative
Productivity Domar’s
Value Sum of Sum of
growth contribution
Added % Value Added Productivity
(1) (2) (3) (4) (5)
Air transport ................................... 10.43 0.11 0.005 0.00 0.11
Electricity, gas and water .............. 9.78 0.48 0.033 0.038 0.59
Energy not including electricity.... 7.98 0.36 0.015 0.053 0.95
Rubber and plastic......................... 7.36 0.23 0.012 0.065 1.18
Lumber, wood and furniture......... 6.44 0.30 0.020 0.085 1.48
Non-metallic minerals industry .... 6.35 0.24 0.020 0.105 1.72
Metal and non-metallic mining..... 5.92 0.08 0.010 0.115 1.80
Paper products and publishing ..... 5.78 0.28 0.018 0.133 2.08
Ind. machinery and equipment..... 5.74 0.69 0.049 0.182 2.77
Land transport ............................... 5.30 0.44 0.052 0.233 3.21
Financial institutions..................... 4.82 0.32 0.037 0.271 3.52
Clothing and footwear ................... 4.51 0.39 0.031 0.302 3.92
Chemical industries ....................... 4.09 0.39 0.031 0.333 4.31
Sea transport .................................. 3.36 0.06 0.010 0.344 4.37
Textile mills products..................... 2.32 0.29 0.036 0.380 4.65
Food and tobacco products........... 2.02 0.63 0.051 0.431 5.29
Primary transformation
of metals ....................................... 1.96 0.25 0.025 0.456 5.53
Transport equipment ..................... 1.86 0.17 0.028 0.484 5.70
Miscellaneous manufacturing....... 1.21 0.04 0.013 0.497 5.74
Agriculture...................................... 0.96 0.38 0.219 0.716 6.12
Communications ............................ 0.57 0.01 0.011 0.728 6.13
Hotels, restaurants and bars ......... –1.46 –0.14 0.050 0.777 6.00
Railroad transport.......................... –1.79 –0.03 0.012 0.790 5.96
Construction................................... –2.34 –0.37 0.066 0.856 5.59
Trade ............................................... –2.70 –0.52 0.144 1.000 5.07
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«hotels and restaurants», «railroad transport» and «construction»). It is
difficult to accept that some of these activities, such as «financial insti-
tutions» and «construction» could have been losers during the years of
rapid growth. This may be due to certain difficulties with the way these
activities were measured.
The main conclusion that can be drawn from the graphs in Figure II
is that the growth process was relatively balanced in the sense that most
activities experienced positive growth in productivity and that despite
the «overshooting» a clear, positive, slope prevailed, thus indicating a
very positive transformation of productivity at aggregate level. The
process was less balanced at the beginning of the period, as the differ-
ences in productivity between the leading industries and the rest were
greater and there were more activities with a negative transformation.
TABLE 7
CONCENTRATION OF TFP GROWTH IN SPANISH INDUSTRIES, 1970-1975
Sources: Author’s calculation. See Table I.
Share in Cumulative Cumulative
Productivity Domar’s
Value Sum of Sum of
growth contribution
Added % Value Added Productivity
(1) (2) (3) (4) (5)
Miscellaneous manufacturing...... 12.67 0.34 0.01 0.01 0.34
Communications ........................... 12.38 0.13 0.01 0.03 0.47
Air transport .................................. 8.87 0.13 0.01 0.03 0.60
Transport equipment..................... 7.99 0.79 0.04 0.08 1.39
Metal and non-metallic mining ... 4.95 0.06 0.01 0.09 1.45
Sea transport ................................. 4.14 0.07 0.01 0.10 1.52
Rubber and plastic ........................ 4.03 0.14 0.01 0.11 1.65
Land transport............................... 3.16 0.25 0.06 0.17 1.90
Paper products and publishing.... 3.08 0.18 0.02 0.19 2.08
Ind. machinery and equipment ... 3.01 0.44 0.07 0.26 2.52
Agriculture ..................................... 2.90 0.71 0.14 0.40 3.23
Primary transformation
of metals....................................... 2.81 0.30 0.03 0.43 3.53
Lumber, wood and furniture........ 2.78 0.11 0.02 0.45 3.64
Textile mills products.................... 2.70 0.17 0.02 0.47 3.81
Railroad transport......................... 1.96 0.02 0.01 0.48 3.83
Chemical industries ...................... 1.64 0.01 0.03 0.52 3.84
Non-metallic minerals industry ... 0.91 0.04 0.02 0.54 3.88
Clothing and footwear .................. 0.90 0.07 0.04 0.57 3.95
Electricity, gas and water ............. 0.86 0.04 0.03 0.61 3.99
Food and tobacco products.......... 0.46 0.11 0.05 0.66 4.11
Trade ............................................... 0.18 0.03 0.16 0.82 4.14
Hotels, restaurants and bars ........ –0.33 –0.04 0.06 0.88 4.10
Financial institutions .................... –0.50 –0.04 0.02 0.90 4.07
Energy not including electricity... –0.74 –0.05 0.01 0.91 4.02
Construction .................................. –0.87 –0.17 0.09 1.00 3.85
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FIGURE 2
CUMULATIVE SUM OF PRODUCTIVITY AND TOTAL VALUE
ADDED OVER INDUSTRIE
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5. CONCLUSIONS
This article offers new insight into the sources of Spanish economic
growth during the so called «Spanish Economic Miracle» by applying a
disaggregated sectorial approach. Following Jorgenson, Gollop and
Fraumeni (1987) we have integrated the growth of intermediate, capital
and labour inputs at individual industry level into an analysis of the
sources of growth for the economy as a whole.
The results here confirm productivity as the main source of growth,
with an average growth rate of 4.66 per cent over the period 1958-1975
which represents about half of overall output growth. Capital deepening
appears in a distant second place, followed by relatively slow job cre-
ation. Hence, factor contributions (labour and capital) are in line with
other studies at aggregate level. However, disaggregated analysis at sec-
torial level provides further evidence regarding the specific or general
nature of the technical progress experienced by the Spanish economy
over this period.
First, we want to emphasize the importance of some specific indus-
tries which recorded notably higher productivity growth than the aver-
age for the economy as a whole. During these years such industries had
the chance to close the wide technological gap that had opened with
regard to the most advanced countries. This was the case with «electric-
ity», «machinery and equipment industries», «transport equipment»,
«chemicals», «rubber and plastic» or «communications». As can be seen,
technological progress was not localized in terms of «general purpose
technology» but was related with a heterogeneous group of modern
industries. These results suggest that Spain incorporated and developed
a wide range of technology, some of which had already been in the econ-
omy for decades, but had not been as intensely developed and dissemi-
nated throughout the economy until the 1960s.
Secondly, most of these industries were able to spread technological
progress across the whole economy due to the size of their interindustry
transactions or because they were investment goods industries. At this
point, we would like to clarify the fact that due to problems involved in
calculating capital input, this variable could be underestimated. The rea-
son for this is that it is impossible to measure the quality improvements
attributed to new machinery more accurately. This observation merely
reflects our wish to highlight the need to make further progress in the
measurement of capital input in the future. Notwithstanding, we do not
expect this to cause a substantial change in the results derived from
growth accounting in favour of capital and to the detriment of TFP. This
would not only go against our results, which support a highly spectacu-
lar contribution of TFP, but also against the evidence generally obtained
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in other countries by measuring the role of embodied technological
change in aggregate output growth.
Thirdly, while these findings place the above mentioned industries at
the heart of the transformation, it does not follow that efficiency increas-
es were only to be found here. The main conclusion we can draw is that
in general the growth process was unevenly distributed in the sense that
most activities experienced positive productivity growth. Despite the
«overshooting effect» provoked by the losers, a clear, positive slope pre-
vailed, thus indicating a very positive transformation of productivity at
aggregate level. This means that individual industries were influenced in
a variety of ways by technological change coming from the most modern
industries but also by other types of spillover effects linked to new tech-
nologies, such as changes in firm organization, improvements in human
capital, economies of scale, mass production processes and different
kinds of improvements in efficiency that can be identified as disembod-
ied technological change.
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APPENDIX
Aggregation of Spanish Input-output tables (1958, 1962, 1970 and
1975) according to 1970 Spanish National Accounts classification
The Spanish input-output tables for the years 1958, 1962, 1970 and
1975 are an important part of the quantitative information used for the
empirical analysis in this research. These tables show great divergence
in their classification of productive branches. The number of productive
branches included runs from 207 in the 1958 table to 86 in the 1962
input-output table. There are 137 branches in the 1970 table and 127 in
the 1975 table. In order to make information homogeneous, we have
aggregated all the tables at a level of the 25 branches established in 1970
Spanish National Accounts.
The detailed process of aggregating intermediate consumptions, pri-
mary inputs and final employment vectors is described in Sanchis
(2000).
Intermediate Inputs Deflators
The objective has been to build a price index weighted by the share of
national and imported inputs in the intermediate and final consump-
tions of each sector. The result is an average weighted price for each cell
in the input-output table.
This appreciation is interesting as the Spanish economy progressive-
ly opened up over the period under analysis. This affected the composi-
tion of intermediate inputs, with an increasing participation of imports.
The series of domestic prices used as deflators for domestic con-
sumption of goods and services are the following:
• Agriculture: The Índice de precios percibido por los agricultores,
published by the Ministry of Agriculture, equivalent to the produc-
er prices at which the tables are valued.
• Industry: Índice de Precios al por Mayor at 1955 base (IPM-55). In
Sanchis (2000), equivalences have been established between
branches of CNE-70 and IPM-55.
• Construction and services: It has been difficult to obtain appropri-
ate deflators. For this reason we use the Value Added deflators.
This means accepting that their prices vary in a similar way to their
respective value added. The hypothesis is reasonable for more
labour intensive services in which the value added is the most
important component of overall cost. But for services like transport
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and communications where the composition of input consumption
and costs is more complex, this deflator is less suitable.
• Import prices: An import price index had to be produced using two
kinds of import series: imports in values and imports in physical
quantities. The data used are the series of values and quantities of
imports summarised by the Instituto Nacional de Estadística in its
Anuarios Estadísticos, over several years. The original source is the
Estadística del Comercio Exterior de España de la Dirección General
de Aduanas.
The deflating procedure was conducted as follows: 1) After establish-
ing the composition of intermediate and final consumption between
domestic and imported goods, we obtain a different deflator for all the
cells in the tables. 2) This deflator is built as a Tornqvist index, which is
commonly used to measure volume changes for productivity measure-
ment purposes. The Tornqvist index is a discrete-time approximation to
a Divisia index which takes into account share changes over time. When
the production possibilities being analysed can be represented by a
homogeneous translog function, as is the case, the Tornqvist index pro-
vides an accurate measure of the underlying theoretical volume index. In
Sanchis (2000 and 2005) the input-output tables are aggregated at the
same level and expressed at current and constant prices.

